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ABSTRACT

Background

Colorectal resections are common surgical procedures all over the world. Laparoscopic colorectal surgery is technically feasible in
a considerable amount of patients under elective conditions. Several short-term benefits of the laparoscopic approach to colorectal
resection (less pain, less morbidity, improved reconvalescence and better quality of life) have been proposed.

Objectives

This review compares laparoscopic and conventional colorectal resection with regards to possible benefits of the laparoscopic method in
the short-term postoperative period (up to 3 months post surgery).

Search methods

We searched MEDLINE, EMBASE, CancerlLit, and the Cochrane Central Register of Controlled Trials for the years 1991 to 2004.

We also handsearched the following journals from 1991 to 2004: British Journal of Surgery, Archives of Surgery, Annals of Surgery, Surgery,
World Journal of Surgery, Disease of Colon and Rectum, Surgical Endoscopy, International Journal of Colorectal Disease, Langenbeck's
Archives of Surgery, Der Chirurg, Zentralblatt fiir Chirurgie, Aktuelle Chirurgie/Viszeralchirurgie. Handsearch of abstracts from the following
society meetings from 1991 to 2004: American College of Surgeons, American Society of Colorectal Surgeons, Royal Society of Surgeons,
British Assocation of Coloproctology, Surgical Association of Endoscopic Surgeons, European Association of Endoscopic Surgeons, Asian
Society of Endoscopic Surgeons.

Selection criteria

All randomised-controlled trial were included regardless of the language of publication. No- or pseudorandomised trials as well as studies
that followed patient's preferences towards one of the two interventions were excluded, but listed separately. RCT presented as only an
abstract were excluded.

Data collection and analysis

Results were extracted from papers by three observers independently on a predefined data sheet. Disagreements were solved by
discussion. 'REVMAN 4.2' was used for statistical analysis. Mean differences (95% confidence intervals) were used for analysing continuous
variables. If studies reported medians and ranges instead of means and standard deviations, we assumed the difference of medians to be
equal to the difference of means. If no measure of dispersion was given, we tried to obtain these data from the authors or estimated SD
as the mean or median. Data were pooled and rate differences as well as weighted mean differences with their 95% confidence intervals
were calculated using random effects models.
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Main results

25 RCT were included and analysed. Methodological quality of most of these trials was only moderate and perioperative treatment was
very traditional in most studies. Operative time was longer in laparscopic surgery, but intraoperative blood was less than in conventional
surgery. Intensity of postoperative pain and duration of postoperative ileus was shorter after laparoscopic colorectal resection and
pulmonary function was improved after a laparoscopic approach. Total morbidity and local (surgical) morbidity was decreased in the
laparoscopic groups. General morbidity and mortality was not different between both groups. Until the 30th postoperative day, quality of
life was better in laparoscopic patients. Postoperative hospital stay was less in laparoscopic patients.

Authors' conclusions

Under traditional perioperative treatment, lapararoscopic colonic resections show clinically relevant advantages in selected patients. If the
long-term oncological results of laparoscopic and conventional resection of colonic carcinoma show equivalent results, the laparoscopic
approach should be preferred in patients suitable for this approach to colectomy.

PLAIN LANGUAGE SUMMARY

Short-term benefits for laparoscopic colorectal resection

Colorectal cancer is one of the most common cancers in industrialised countries, in both female and male persons. Treatment involves
surgical removal (resection) of the segment of the bowel containing the tumor and wide tumorfree margins. Lymph nodes in the area are
also removed (lymphadendectomy). conventional surgery which is the mainstream treatment of colorectal cancer and has good survival
rates for stage-1 tumors. Other diseases that can require removal of sections of the large bowel include inflammatory diseases such as
diverticulitis, Crohn's disease, ulcerative colitis, familial adenomatous polyposis (FAP) and rectal prolapse.

The conventional approach to surgery involves making a cut through the abdominal wall. For many people it is now possible to use video-
endoscopic surgery (laparoscopy), which may have short term advantages that include less pain, better pulmonary function, shorter time
for return of bowel function (duration of postoperative ileus), less fatigue, better quality of life and improved convalescence. However, the
procedure is complex and for colorectal cancer the oncological long-term results on survival not known.

The review authors identified 25 controlled trials in which 3526 men and women were randomized to one surgical technique or the other.
Colorectal resection was most often required for colorectal carcinoma. Overall, laparoscopic colon resections showed advantages over
conventional surgery. Blood loss was a little less (by 113 to 31 ml, mean 72 ml); pain, which was treated with epidural or patient-controlled
on demand analgesia, was less intense; time to return of bowel function was less, by about one day; lung function was improved with
reduced postoperative stay in hospital (by 1.4 days) and improved quality of life in the first 30 days. The operation time was longer with
laparoscopic surgery than with conventional surgery (by 42 minutes, range 30 to 55 minutes). Re-operation was not more likely after
laparoscopic surgery and general complications in the lungs, heart, urinary tract or deep vein thrombosis (DVT) were similar with the two
surgery techniques. Wound infections were less in laparoscopic patients. Some patients are not suitable for laparoscopy.

Short term benefits for laparoscopic colorectal resection (Review) 2
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BACKGROUND

Colorectal cancer is one of the most common cancers in both
female and male persons in the industrialized nations of Europe,
America, Asia and Australia. Radical resection of the tumor bearing
segment of the bowel with wide tumorfree resection margins
and a systematic lymphadendectomy is the mainstem of curative
therapy of colorectal cancer. Five year survival rates after RO-
resection of colorectal cancer vary with the UICC-tumor stage
from almost 100% (stage 1) to 50% (stage Ill) (Ries 2000). Other
diseases that may require elective resection of the large bowel
are diverticulitis, Crohn's disease, ulcerative colitis, and familial
adenomatous polyposis (FAP).

Until today conventional surgery via laparotomy remains the

"gold standard" for elective colorectal resection in both benign
and malign disease. The evolution of video-endoscopic surgery
led to the idea of laparoscopic colorectal resection, which was
first described in 1991(Franklin 1993; Jacobs 1991). Short term
advantages of the laparoscopic compared to the conventional
approach to colorectal resection have been suggested early (Lacy
1995; Ortiz 1996): less pain, better pulmonary function, shorter
duration of postoperative ileus, less fatigue, better quality of life.
However, the new method has not gained the same acceptance
as laparoscopic cholecystectomy because short term advantages
seemed not to be as obvious as for laparoscopic cholecystectomy,
the procedure ist much more complex and the oncological long-
term results of laparoscopic colorectal cancer resection are not
known.

While randomised controlled trials to evaluate recurrence rates

and survival of patients undergoing laparoscopic or conventional
resection of colorectal carcinoma will require large number of
patients (n > 900), clinically relevant short-term benefits of the
minimal-access could already be identified in much smaller trials
(n>150). On the other hand, if short-term benefits of laparoscopic
colorectal resections are not identified in smaller trials, there is no
reason to perform larger multicenter trials to evaluate the long-
term results.

The aim of this systematic review of randomised controlled trials
was to evaluate whether there are clinically relevant short-term
advantages of laparoscopic compared to conventional colorectal
resection.

OBJECTIVES

This review compares laparoscopic and conventional colorectal
resection with regard to possible benefits of the laparoscopic
method in the short-term postoperative period (surgery to 3
months postoperative).

METHODS

Criteria for considering studies for this review
Types of studies

All randomised controlled trials comparing laparoscopic and
conventional colorectal resection for benigne or maligne colorectal
disease. Trials that allocated patients depending on the availablility
of staff or instruments or the number of the day (odd or even)
were excluded from the analysis. If the method of randomisation
was not specified, if a trial was only reported as an abstract or
if no measure is given for an outcome variable, the authors were

contacted to give full details of their study. If no further infomation
was received from the authors, studies reported only as abstracts
were excluded from further analysis.The decision to exclude a trial
was discussed between three observers and disagreements were
resolved by discussion. Trials were included irrespectively of the
language of publication.

Types of participants

All patients with either benigne or maligne colorectal disease
requiring curative or palliative colorectal resection.

Types of interventions

Laparoscopic or laparoscopic-assisted colorectal resection with
intraperitoneal gas insufflation or mechanical abdominal wall lift.
Interventions are included when the minimal invasive technique
includes dissection of the mesentery and mobilisation of the
diseased bowel segment. Anastomosis can either be performed
intraperitoneally (i. e. 'double-stapled' colorectal anastomosis) or
extraperitoneally (i. e. handsewn or stapled ileotransversostomy).
The type of anesthetic and/or analgetic technique (peridural
catheter, pca) as well as details of the perioperative therapy (use of
drains and tubes) were recorded.

Types of outcome measures

The following outcome measures will be sought for in all
randomised contolled trials:

- patient characteristics (sex, age),

- intraoperative data (duration of surgery, length of incision, blood
loss)

- morbidity (surgical: wound healing impairment,
anastomotic insufficiency, bleeding, abscess, complications
requiring reoperation; general: pulmonary complications, cardiac
complications, urinary tract infections, thrombosis of the deep
venous sytem of the lower extremities, pulmonary embolism) and
mortality,

- postoperative pain perception (in mm on a VAS-scale),

- postoperative pulmonary function (forced vital capacity),

- duration of postoperative ileus (time from surgery to first passing
of flatus and stool),

- hospital stay,

- quality of life.

Search methods for identification of studies

See: Collaborative Review Group search strategy.

We conducted database searches for randomised controlled trials
for the years 1991 to 2004 using MEDLINE, EMBASE, CancerLit and
the Cochrane Central Register of Controlled Trials. The Cochrane
Collaboration highly senstive search strategy for randomised
controlled trials was combined with the following MeSH terms:

colon*.ME
colectomy*.ME
proctectomy*.ME
intestine-large*.ME
colonic neoplasm*.ME
rectal neoplasm*.ME
laparosc*.ME.

The following journals were handsearched from 1991 to 2004
for randomised controlled trials or clinical controlled trials:
British Journal of Surgery, Archives of Surgery, Annals of Surgery,

Short term benefits for laparoscopic colorectal resection (Review)
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Surgery, World Journal of Surgery, Disease of Colon and Rectum,
Surgical Endoscopy, International Journal of Colorectal Disease,
Langenbeck's Archives of Surgery, Der Chirurg, Zentralblatt fiir
Chirurgie, Aktuelle Chirurgie/Viszeralchirurgie.

Further, abstracts from the following society meetings
were handsearched from 1991 to 2004. American College of
Surgeons, American Society of Colorectal Surgeons, Royal Society
of Surgeons, British Assocation of Coloproctology, Surgical
Association of Endoscopic Surgeons, European Association of
Endoscopic Surgeons, Asian Society of Endoscopic Surgeons.

The reference lists of all relevant articles were searched for further
relevant trials. Allauthors of identified randomised controlled trials
were contacted to evaluate whether they have any information on
any other recent or ongoing trials. Local opinion leaders in Europe,
America and Asia were contacted with the same question.

Data collection and analysis

All studies that met the selection criteria were assessed for
methodological quality and the details of the randomisation
process. This judgement was performed by three reviewers. Where
a difference in opinion existed,it was resolved by discussion.
All non-randomised studies were excluded. Pseudo-randomised
studies as well as studies that followed patient's preferences
towards one of the two interventions were excluded, but listed
separately. Each included trial was read independently by three
investigators for the criteria: concealed randomisation, time
of randomisation (preoperativly, intraoperatively), number of
randomised patients, number of patients not randomised and
reasons for this, exclusion after randomisation, and dealing with
drop outs, blinding of the patient and observer, data analysis
according to the 'intention-to-treat'-principle. Methodological
quality of each manuscript was scored by three reviewers using
a modified Evans and Pollock Questionaire (Evans 1985). In this
questionaire the quality of the design, the analysis and the
presentation of the trial were scored. The scores ranged from 0 to
50 for the design, 0 to 30 for analysis and 0 - 20 for presentation of
the data. Therefore the maximum score was 100. We considered the
methodological quality of the manuscripts as low (E/P-score < 40),
moderate (E/P-score 40 - 70) or high (E/P-score > 70).

Three observers independently extracted the results of each
paper on a predefined data sheet; disagreements were solved by
discussion. The software 'REVMAN 4.2' provided by the Cochrane
Collaboration was used for statistical analysis. Mean differences
with their corresponding 95% confidence intervals were used for
analysing continuous variables. If studies reported medians and
ranges instead of means and standard deviations, we assumed
the difference of medians to be equal to the difference of
means. If no measure of dispersion was given, we tried to obtain
these data from the authors or estimated SD as the mean or
median. For dichotomous variables rate differences with their 95%
confidence intervals were calculated. We pooled effect measures
within random effects models (DerSimonian 1986). To evaluate the
between-study variability we statistically tested for heterogeneity
of results (Hardy 1998). For dichotomous outcomes we calculated
the number of patients that need to be treated to prevent one
complication (NNT).

RESULTS

Description of studies

40 publications from randomised controlled trials (RCT) were
identified during our literature search. Contact to opinion leaders
in Europe, America and Asia did not yield any addtional data on
further RCTs. 15 publications had to be excluded from further
analysis: 10 publications because the data in this manuscripts was
included in another publication (Bohm 1999; Delgado 2001; Lacy
1995; Lacy 1998; Ordemann 2001; Schwenk 1998 a; Schwenk 1998
b; Schwenk 1998 c; Schwenk 1999); one trial did not contain any
clinical data we sought for (Kim 1998); in one trial randomisation
was not followed if there was a strong patient preference for
either the laparoscopic or the conventional technique (Hotokezaka
1996); one trial investigated two different anastomotic techniques
during laparoscopic sigmoidectomy (Bergamaschi 2000); one
trial compared hand-assisted laparoscopy (HALS) to laparoscopy
(Targarona 2002) and one trial investigated differences between
gasless laparoscopy and pneumperitoneum during laparoscopic
colectomy (Schulze 1999).

The characteristics of the 25 included trials are summarised in the
'Characteristics of includes studies' table. All 25 trials were reported
asfull papers and included a total of 3526 participants. Most studies
included patients with colorectal carcinoma. Quality of Life data of
a subgroup of patients from the COST-trial (COST 2004) had been
published by Weeks et al. (Weeks 2002) before the results of the
whole patient publication were reported. Therefore Weeks 2002
was only considered for their Quality of Life data and not included
in any other analysis. One other publication divided the patients
in two groups: colorectal carcinoma and crohn's disease. Therefore
we decided to extract the data from this publication for each of both
groups seperately and cite them as different studies (Hildebrandt
2003 a; Hildebrandt 2003 b).

Patients with diverticular disease were only included in two reports
from the same authors (Braga 2002 a; Braga 2002 b). Rectal prolapse
was the indication for surgery in one trial (Solomon 2002) and
patients with chronic inflammatory bowel disease were treated
by (Dunker 2002; Milsom 2001; Hildebrandt 2003 b). All included
studies with patients treated for colorectal carcinoma had quite
similar criteria to exclude patients from the study.

The most common exclusion criteria were: cancer of the lower

rectum scheduled for low anterior resection with total mesorectal
excision, carcinoma of the transverse colon, obstructing tumors,
tumors infiltration adjacent organs.

Perioperative treatment of patients was not described exactly in
most of the reviewed trial. Exact data on the type of anesthesia
and analgesia (i. e. epidural catheter, schedules for postoperative
pain therapy) were not given in many trials. While most of the
RCT described the technique of laparoscopic surgery, only 8
of the 25 trials (Danelli 2002; Hildebrandt 2003 a; Hildebrandt
2003 b; Milsom 1998; Milsom 2001; Schwenk 2002; Stage 1997;
Winslow 2002) stated the type of incision in conventional
surgery. In all these 8 trials a median or paramedian incision
were performed. No study reported using transverse incisions.
In 12 publications no statements concerning anesthesiological
techniques or postoperative analgesia were found. Of those 13
trials that contained information on postoperative analgesia, 7
used systemic on-demand (Leung 2000; Leung 2004) or patient-
controlled analgesia (Hewitt 1998; Milsom 1998; Milsom 2001;
Schwenk 2002; Solomon 2002), 2 trials performed either epidural
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or systemic on-demand analgesia (Hasegawa 2003; Janson 2004),
3 epidural or systemic patient controlled analgesia (Braga 2002 a;
Braga 2002 b; Danelli 2002) and in 1 trial epidural analgesia was
always utilized (Stage 1997).

Most of the studies assessed several outcome parameters to
describe the postoperative course of the patients. The most
commonly assessed parameters were operative time, return of
bowel function, morbidity, mortality, and hospital stay. Only few
studies evaluated outcome measures like pain (Braga 2002 a;
Danelli 2002; Hewitt 1998; Leung 2000; Leung 2004; Schwenk 2002;
Stage 1997) or quality of life (Schwenk 2002; Weeks 2002) in
detail. Data on immunological and inflammatory reactions were
not analysed in this review (Hewitt 1998; Stage 1997; Tang 2001).

Risk of bias in included studies

The sample size of most trials was small. Only 7 trials included more
than 100 patients (Braga 2002 b; COST 2004; Janson 2004; Lacy

2002; Leung 2004; Milsom 2001; Schwenk 2002; Tang 2001; Weeks
2002) and only one report contained more than 500 patients (COST
2004) (Figure 1). The methodological quality of most included
studies as extracted from the manuscripts was moderate. The mean
Evans and Pollock-Score for all trials was 58 (95% Cl 52-64). Only
7 trials were considered to be of good methodological quality
(Evans and Pollock Score > 70) (Braga 2002 b; COST 2004; Janson
2004; Lacy 2002; Leung 2004; Milsom 1998; Milsom 2001), 3 were
considered being of poor quality and 15 trials were of moderate
quality (Figure 1). Most of the studies had the same methodological
problems, namely: unclear technique of randomisation, unclear
adequacy of allocation concealment, inadequate statistical tests or
failure to perform an intention-to-treat-analysis. Patients who were
intraoperatively converted to open resection were excluded from
further analysis in 6 studies (Hewitt 1998; Milsom 2001; Ortiz 1996;
Stage 1997; Tang 2001), and analysed seperately in two RCT (Curet
2000; Winslow 2002). Extracting data for several endpoints was very
difficult, because values had to be estimated from figures.

Figure 1.
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In 22 trials with 2965 participants, there were 1420 female patients
(47,9%). There were no differences in sex between patients treated
laparoscopically or conventionally (Risk Reduction (RR): 1.05 [95%
C10.98 to 1.13; p =0,19]. (Comparison: 01.01)
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Patients treated laparoscopically were not different in age
from patients undergoing conventional surgery (Weighted Mean
Difference (WMD): 0.20 [95% CI -1.04 to 1.43; p =0.75) (Comparison:
01.02).

2) Intraoperative data

Operative time was estimated in 22 trials with 2992 participants.
In none of all trials duration of surgery was signifcantly shorter in
the laparoscopic group. Overall, the WMD was 42.4 minutes [95% ClI
29.8t055.0; p<0.0001]. Data for operative time varied considerably.
The mean operative time in the laparoscopic groups ranged from
88 minutes to 275 minutes and in the conventional group from
60 to 188 minutes. Test for heterogeneity of the data was highly
significant (p <0.0001). (Comparison: 02.01)

Blood loss was a little less in laparoscopic than in conventional
surgery with a WMD of -71.8cc (95% ClI -113,0 to -30.8; p =
0.0006). Again, the variability in blood loss was quite high in the
laparoscopic groups (58cc to 300cc) as well as in the conventional
group (133cc to 407cc). Only one trial reported a higher blood loss
in the laparoscopic group (173cc) compared to the conventional
group (133cc) in patients undergoing surgery for Crohn's disease
(Milsom 2001). The test for heterogeneity however was again highly
significant (p <0.0001). (Comparison: 02.02)

7 trials with 688 participants gave data on the number of
retrieved lymphnodes in patients undergoing surgery for colorectal
carcinoma. There was no difference in the number of retrieved
lymphnodes between both groups (RR: 0.12 ([95% Cl -1.17 to
1.41; p = 0.86]). There was not heterogeneity detected (p = 0.99).
(Comparison: 02.03)

The length of the resected specimen was reported in 2 trials treating
134 cancer patients (Schwenk 2002; Winslow 2002). There was no
diference between the laparoscopic and the conventional groups
(WMD: 0.71 [95% Cl -2.05 - 3.48; p = 0.61]). the test for heterogeneity
showed no significant result (p = 0.30). (Comparison: 02.04)

3) Postoperative Pain

Pain perception on the first postoperative day was measured in 6
trials with 691 patients. On a visual analog scale from 0 (no pain) to
100 (extreme pain) the WMD between both groups was -9.3 (95% ClI
-13.2to0-5.4; p <0.0001) in favour of the laparoscopic groups. There
was no heterogeneity identified (p = 0.90). (Comparison: 03.01.01)

On postoperative day 2 pain perception was assessed in 6 trials
with 719 patients. At this time no significant difference between
both groups was detected (WMD -7.9 [95% CI -18.9 to 3.2, p = 0.16]).
However, heterogeneity of the data was high (p = 0.0008). Most
important, the trial by Weeks et al, that contributed 76.5% of all
data for this item (Weeks 2002), did not show any difference in pain
perception between the laparoscopic and the conventional group
on the second postoperative day. (Comparison: 03.01.02)

On the third postoperative day only 3 trials including 175 patients
assessed pain. The overall pain perception in these trials again
showed a significant advantage for the laparoscopically treated
patients. The WMD was -12.9 (95% CI -19.8 to - 6.0; p = 0.0002). No
heterogeneity was detected for his item (p = 0.59). (Comparison:
03.01.03)

4) Postoperative pulmonary function

Postoperative pulmonary function was measured in only 5
trials (Braga 2002 a;Milsom 1998; Milsom 2001; Schwenk 2002;
Stage 1997) . Milsom et al did not give absolute data for
pulmonary function tests, but rather the time interval to return
of 80% of preoperative function (Milsom 1998; Milsom 2001). On
postoperative day 1, forced vital capacity (FVC) was better in 68
laparoscopic versus 63 conventional patients from 2 trials (Stage
1997; Schwenk 2002) (WMD 0.38 [95% CI 0,10 to 0,66; p < 0.008).
(Comparison: 04.01.01)

On the second postoperative day, 3 trials with 210 patients
showed no significant difference in FVC between both groups
(WMD 0.5l [95% CI -0.62 - 0.72]). At this time one study did give
a better pulmonary function for the conventional group (Braga
2002 a) while another trial showed a significant advantage for the
laparoscopic group (Schwenk 2002) and the third trial did not show
any difference at all between both groups (Stage 1997). Therefore,
the heterogeneity of the data was high (p = 0.009) (Comparison:
04.01.02).

On day three, the two available trials with 131 participants
(Schwenk 2002; Stage 1997) showed a significant benefit in FVC for
the laparoscopic group (WMD 0.561 [95% CI 0.21 to 0.92; p = 0.002])
(Comparison: 04.01.03).

Milsom et al (Milsom 1998) described that more than half of their
laparoscopic patients reached 80% of preoperative FVC within
3 postoperative days, while it took 6 days for the participants
from the conventional group to reach the same goal. The same
group (Milsom 2001) was not able to show any faster recovery
of pulmonary function after laparoscopic surgery for Crohn's
disease (2.5 days) compared to conventional surgery (2.5days).
(Comparison: 04.02)

5) Duration of postoperative ileus

Duration of postoperative ileus was assessed in 8 studies including
1116 patients by measuring the time interval between surgery and
the first passing of flatus. Overall, this goal was reached 1.0 days
earlier by the laparsocopic patients than by the patients from the
conventional groups (WMD 1.03 [95% Cl -1.30 to -0.76; p < 0.0001]).
(Comparison: 05.01.01)

In 9 trials (1130 participants) the duration of postoperative ileus
was measured by the time interval between surgery and the first
bowel movement. Overall, in these studies the duration of ileus
was 0.9 days shorter in the laparoscopic group (WMD -0.93 [95% Cl
-1.13to-0.74; p<0.0001]). Heterogeneity was not detected for both
measurements of duration of postoperative ileus (each p > 0.05)
(Comparison: 05.01.02).

6) Postoperative hospital stay

16 trials including 2544 participants gave data concerning the
postoperative hospital stay. Overall, postoperative hospital stay
was 1.5 days shorter in the laparoscopic group (WMD -1.53 [95% ClI
-1.94t0-1.12; p <0.0001]). Variability of postoperative hospital stay
was quite high with a mean postoperative stay reaching from 3.9
to 10.4 days in the laparoscopic arms and from 6 to 12.7 days in
the conventional arms of the trials. However, none of the individual
trials showed a significantly shorter postoperative hospital stay
for patients undergoing conventional surgery compared to those
undergoing laparoscopic surgery. Heterogeneity of data was not
detected (p =0.61) (Comparison: 06.01).
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7) Quality of Life

Postoperative Quality of Life was assessed only by two trials

(Schwenk 2002; Weeks 2002). Both trials used different instruments
to measure QL. 7 and 30 days after surgery Schwenk et al found
an advantage for 30 patients after laparoscopic compared to 30
patients who underwent conventional surgery (p = 0.06 and p =
0.01). 60 days after surgery the pooled data from two studies (509
patients) failed to show any advantage for the laparoscopic or the
conventional technique (Schwenk 2002; Weeks 2002) (WMD: 0.48
[95% CI -8.73 t0 9.69; p = 0.92]) (Comparison 07.01.01 to 07.01.03).

8) Total Morbidity

In20 trialsincluding 2879 participants overall morbidity was 20.6%.
The incidence of postoperative complications was lower in the
laparoscopic group (18.2%) compared to the conventional group
(23.0%). The overall RR was 0.72 (95% CI 0.55 to 0.95; p = 0.02). To
prevent one postoperative complication 21 patients would have to
be treated laparoscopically (NNT =20.8). (Comparison: 08.01)

9) Surgical Morbidity

Surgical morbidity was reported in 16 trials with 1688 participants.
Overall surgcial morbidity was 12.7% (215 patients). Surgical
complications were observed more often after conventional than
after laparoscopic surgery (141/838 vs. 74/850 events: RR 0.55 [95%
C10.39 t0 0.77; p = 0.0005]). The NNT to prevent surgical morbidity
was 12.4 (Comparison: 09.01).

Data on wound infections was given by 17 trials including
1771 patients. Wound infections were less often observed in
laparoscopic patients (41/887; 4.6%) than in conventional patients
(77/884; 8.7%). The RR was 0.56 (95% CI 0.39 to 0.81; p = 0.002). To
prevent one wound infection 24 patients would have to be treated
laparoscopically (NNT = 24.4) (Comparison: 09.02).

Intraabdominal abcesses were observed only in 5 of the 16
trials including 1688 patients. The incidence of an intraabdominal
abcsess was not different between the laparoscopic groups (8/850;
0.9%) and the conventinal groups (11/838; 1.3%)(RR 0.71 [95%ClI
0.28 to 1.80; p = 0.47]) (Comparison: 09.03).

17 trials including 1767 participants gave data concerning
anastomotic insufficiencies. The overall leackage rate was 2.0%
(35/1767). There was no difference in the leakage rate between the
laparoscopic and the conventional groups (RR 0.59 [95%Cl 0.02 to
1.16; p = 0.13]) (Comparison: 09.04).

Postoperative ileus appeared less frequent in the laparoscopic
groups (15/887; 1.7%) than in the conventional groups (41/887;
4.6%) in 17 trials.The RR for the developement of a postoperative
ileus was 0.40 (95% Cl 0.22 to 0.73; p = 0.003) in favour of the
laparoscopic technique. The NNT was 34.5 (Comparison: 09.05).

Postoperative bleeding was a rare event that occured only in 8 of
1688 patients (from 16 trials). As expected with this low incidence,
there was no difference between the laparoscopic (2/850;0.2%) and
the conventional groups (6/838; 0.7%) (RR 0.44 [0.11 to 1.82; p =
0.26]) (Comparison: 09.06).

Only 2 (Lacy 2002; Milsom 2001) of 16 trials (1688 participants)
reported postoperative disrupture of the wound fascia. All 3
reported cases of early postoperative fascial deshiscence occured
after conventional surgery. Nevertheless, due to the low incidence
of this complication, there was no difference between laparoscopic

and conventional groups (RR 0.24 [95% CI 0.03 to 2.18; p = 0.20])
(Comparison: 09.07).

11 trials with 1292 patients gave data on the incidence of
reoperation due to a surgical complication. This event occured
in 59 patients (4.6%). Reoperation was not more likely to occur
after laparoscopic (31/647; 4.8%) than after conventional surgery
(28/645;4.3%). The RR for reoperation was 1.16 (95% C1 0.67 to 1.99;
p = 0.59) (Comparison: 09.08).

10) General Morbidity

General morbidity was quite low with 129 events in 1771 patients
from 17 trials (7.3%). The difference in general morbidity between
the laparoscopic groups (58/895; 6.5%) and the conventional
groups (71/884; 8.0%) was not significant (RR 0.82 [95% CI 0.57 to
1.19; p = 0.30]) (Comparison: 10.01).

Data for pulmonary morbidity was available from 17 trials with 1771
patients. Pulmonary complications were observed in only 35 (2%)
of all patients. Overall, there was no difference in the incidence
of pulmonary complication between both groups (laparoscopic:
13/887, 1.5%; conventional: 22/884, 2.5%; RR: 0.69 [95% Cl 0.35 -
1.35; p =0.27]) (Comparison: 10.02).

Cardiac complications were reported from 25 of 1688 patients
(1.5%) in 16 trials. There was no difference in cardiac morbidity
between the laparoscopic and he conventional groups (RR 0.81
[95% C10.37 to 1.78; p = 0.60]) (Comparison: 10.03).

Urinary tract morbidity was reported on in 7 of 17 trials with a total
f 1771 patients. There were no differences in the risk for a urinary
tract infection between both groups (RR 0.87 [95% Cl 0.41 to 1.85;
p =0.72]) (Comparison: 10.04).

Thrombosis of the deep venous system in the lower extremities was
a rare event, diagnosed in 9 of 1688 patients from 16 trials (0.5%).
The incidence of DVT was 0.35% (3/850) in the laparoscopic and
0.72% (6/838) in the conventional groups This difference between
both groups was not significant (RR 0.76 ([95% Cl 0.21 to 2.78; p =
0.68]) (Comparison: 10.05).

The only case of a pulmonary embolism was reported by Milsom
1998 for one patient undergoing laparoscopic resection. The overall
incidence was 1 of 1688 (0.05%) for all patients and 1 of 850 (0.12%)
for all laparoscopic patients (Comparison: 10.06).

11) Mortality

Data on postoperative mortality was available from 2394
participants from 17 trials. Only 6 trials reported postoperative
deaths (Braga 2002 b; COST 2004; Lacy 2002; Leung 2004; Milsom
1998; Schwenk 2002). The overall mortality was 1.0% (23 patients).
There was no difference in mortality between both groups
(laparoscopic: 10/1207, 0.8%; conventional: 13/1187,1.1%; RR 0.78
[95% Cl-0.34 to 1.8; p = 0.55]) (Comparison: 11.01).

DISCUSSION

Short-term advantages of the laparoscopic compared to the
conventional approach to colorectal resection have been
suggested early after the first videoendoscopic colectomies had
been performed (Franklin 1993; Jacobs 1991). Since 1996 25
randomised controlled trials have been published to answer
the question, whether the laparoscopic approach to colorectal
resection is superior to the conventional technique. This systematic
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review of the literature with metaanalysis of randomised
controlled trials is able to demonstrate certain advantages for the
laparoscopic technique: blood loss is reduced (-72 cc), pain is
less intense (-8 to -12 mm on a 100mm VAS for pain), pulmonary
function is improved (0.38 to 0.56 | on postoperative day 1 and 3 ),
duration of postoperative ileus is shorter (-1,0 day), postoperative
duration of hospital stay is less (-1.4 days) and quality of life may
be improved in the early postoperative course (10 points on a 0
- 100 scale on day 7, 14 points on day 30, not any more at day
60). Furthermore, the risk of postoperative morbidity is decreased
by the laparoscopic approach (RR 0.72 [95% CI 0.55 - 0.95],
namely because of a reduced surgical morbidity (exactly: wound
infection [RR 0.56;95% C10.39 - 0.82] and postoperative mechanical
ileus [RR 0.42; 95% CI 0.24 - 0.75]). However, the incidence of
general postoperative complications was not decreased by the
laparoscopic approach (RR 0.85[95% CI 0.61 - 1.18]).

These conclusions from this systematic review of randomised
controlled trials is flawed by several problems:

1) the methodological quality of most included RCT is only
moderate or poor,

2) even in methodologically excellent publications exact data on
perioperative treatment is missing, especially import details of
the conventional operative approach are not described in several
trials,

3) data on how many patients were excluded from the trials
because of contraindications to laparoscopic surgery is missing,

4) only very few and selected patients with rectal cancer (mostly
patients undergoing high anterior resections for tumors in the
upper rectum or APR for sphinkter infiltrating tumors) were
included in the RCT published yet,

5) randomised controlled data on patients undergoing
laparoscopic or conventional colectomy for inflammatory bowel
disease (most import diverticular disease) can not be extracted
from the published RCT and

6) perioperative treatment in many trials was very traditional
and modern concepts of perioperative treatment (i. e. multimodal
perioperative "fast-track"-management of patients (Kehlet 2000)
were not followed in any of the trials analysed.

Some of these methodological issues will be solved by the still
ongoing or not yet published multicenter trials from the UK
(CLASSICC), Europe (COLOR) and Germany (LAPKON I1). All these
multicenter trials will include 500 - 1100 patients and the published
descriptions of their study design show a high methodological

quality for these trials (MRC-CLASSICC; COLOR). However, a large
size RCT investigating the value of the laparoscopic approach to
rectal cancer, especially the short-term outcome after laparoscopic
compared to conventional rectal resection with TME is still
missing. More import, there is no data from RCTs available
concerning the most common indication for laparoscopic colonic
resection in many industrialised countries: diverticular disease.
Two multicenter RCT on these topics are planned right now: the
COLOR 2-trial aims to evaluate the outcome of patients undergoing
laparoscopic resection of rectal carcinoma (COLOR 2) while the
LAPDIV-CAMIC-trial will investigate the value of laparoscopic
sigmoidectomy for diverticular disease (LAPDIV-CAMIC).

Under traditional perioperative treatment, lapararoscopic colonic
resections show clinically relevant advantages in selected
patients. If the long-term oncological results of laparoscopic and
conventional resection of colonic carcinoma show equivalent
results, the laparoscop